End toxin is heat-stable lip polysaccharide (LPS) present in the outer membrane of the cell wall of Gramnegative bacteria. All parenteral preparations, as well as tissue implants, must be with no pyrogenic level of endotoxin or other related materials because of their associated health hazards and serious clinical effects. Accordingly, detection and limiting endotoxin in various pharmaceutical and biological products represent crucial issues. Rabbit pyrogen test (RPT) and Limulus Amebocyte Lysate (LAL) test are two methods used for endotoxin detection and quantification. Endotoxin detection is one of the most critical quality control tests required by the Food and Drug Administration (FDA) for all parenteral drugs in their final stage. Both in vitro LAL test and in vivo RPT can complement and reinforce each other but in certain cases, they are not interchangeable and they together provide a comprehensive picture of any potential contamination whether by endotoxin or any other pyrogenic matters.
INTRODUCTION
The term Endotoxin was introduced in the late 19th century to define the specific component of Gram-negative bacteria, which in charge of pathophysiological phenomena related to Gramnegative infections. At the end of the twentieth century, the chemical, physical properties and biological structures of endotoxin were gradually revealed as the result of using advanced apparatuses and analytical techniques. Highly chemical stability Lipopolysaccharide molecules are released to the environment with the death of bacteria cells (Gram-negative type) ( Fig. 1) . Injured intestinal mucosa allows the entrance of Lipopolysaccharide molecules to circulated blood of a human, which can initiate endotoxemia, symptoms of endotoxemia direct affecting the function and structure of cells and organs, starting with raised body temperature, followed by changing metabolic functions, then modification of hemodynamics, finally may be leading to septic shock. When LPS molecules enter the human blood circulating system via liver, various types of inflammatory cytokines [1, 2] as TNF, IL-6, platelet-activating factor, and others, are overexpressed by the innate immune system activation and this leading to systemic inflammatory response syndrome (SIRS), which has been reported as the main cause of death related to severe acute respiratory syndromes (SARS) [3, 4]. The high death rate related to endotoxin-induced shock still a critical clinical issue, especially in patients suffering from immunosuppressant and debilitated.
On the other hand, endotoxin is remaining and not removed when the microorganism is killed by the valid sterilization procedure; while that, the release of Lipopolysaccharide done upon the cell's death. Although the biological products after sterilized, the LPS of the organism still present if the product contaminated with Gramnegative organisms before sterilization. Detecting of endotoxin in the finished products is a very critical issue to ensure the safety of the sterilized biological products, medical devices, injectable drugs, water, and food quality.
The RPT has been used for more than 6 decades and has proven reliable for a great variety of products. This test was the first method approved by the FDA for Lipopolysaccharide testing. RPT was approved in the 1920s on the basis of the increase of rabbit temperature after injection of intravenous test solution Due to substantial similarities in sensitivity and specificity between the rabbit and the human's immune response, this test can be considered safe as a true pyrogen test, the RPT became the golden standard of pyrogen testing and has established a high level of security in pharmaceutical products. The sensitivity of man and rabbit for pyrogens is comparable. After intravenous injection of the test substance into a group of three rabbits, the individual changes in body temperatures are recorded over a defined period where it can detect endotoxin and nonendotoxin pyrogens (NEP) and therefore possesses a broad spectrum of applications. A negative test in a RPT is more significant than a positive one because the rabbit has a labile thermoregulatory mechanism (sometimes gives false-positive results). On the other hand, the dog has a much more stable thermoregulatory mechanism but is less sensitive to pyrogen than is the rabbit.
40th anniversary of LAL licensing by the US FDA, as an alternative to the US Pharmacopoeia's (USP) Pyrogen Test (PT) for endotoxin in human and veterinary drugs, is considered as a landmark for the pyrogen detection. Since this approval, LAL has become accepted worldwide to ensure the pyrogen safety of the world's pharmaceutical drug supply. The test components not only recognize bacteria (those of the Gram-negative type) but also fungi (those containing -D-1, 3-glucan). Besides its inclusion in the USP as the Bacterial Endotoxin Test (BET), the LAL test is also included in the European Pharmacopoeia (European Pharmacopoeia Commission 1987) and the Japanese Pharmacopoeia (The Pharmacopoeia of Japan 1992). Although the RPT remains an official test, in most cases the BET has completely replaced the RPT.
While LAL has been criticized as not being a true pyrogen test, i.e., there are other pyrogens (fever-causing agents), endotoxin is the most common and most potent pyrogen and the most likely one (but not only one) pyrogen to contaminate injectable drugs and devices. The most important difference between the RPT and the LAL test is the failure of the latter to detect non-endotoxin pyrogens [5, 6].
Special important of LPS (endotoxin) control
The control of endotoxin contamination in parenteral manufacturing becomes very important because it's unique in nature, potent toxicity, high stability and ability to remain its toxicity after subjected to drastic conditions. The concern for endotoxin from a parenteral manufacturing contamination control perspective has overtaken concerns for guarding against "all pyrogens" that predominated the second half of almost a century of parenteral manufacturing. The paradigm shift of concern from "pyrogens" in general to "endotoxin" specifically started with the control of water use in the pharmaceutical industry and in-process control of pharmaceutical materials. United States Pharmacopeia (USP) [5] mention that " depending on availability the LAL test become suitable to alternative the pyrogen test for most final products ".
The ubiquity of LPS (Endotoxin)
Endotoxin is "asymmetrical" high-molecularweight complexes present in the double layer of the outer membrane of the gram-negative organism, with critical protection function for Gram-negative organism from its environment. In these organisms, the double layers were padded with a thin layer of peptidoglycan (PG). The unique properties of LPS structure have several tied correlative with its power to formulate defense mechanisms of the host cell. An individual cell from bacteria has been considered to include nearly 3.6 million lipopolysaccharide molecules present at space about 5 mm 2 of a rated 6.7 mm 2 from the whole surface area [7]. Thus, the outer membrane holds thereof four-quarters lipopolysaccharide and single-quarter from protein [8, 9].
LPS particles are fateful for the survival of Gram-negative bacteria by providing immunologic, physiological, nutritional, pathological, transport functions, and structural integrity of bacteria. Thus, Gram-negative organisms completely lacking LPS are very rare to be found in nature [10] .
The occurrence of Gram-negative organisms in almost every environment on the earth makes LPS one of the most prevalent complex organic molecules occurring in nature. Gram-negative bacteria have been isolated from diverse environments and localities including fresh and saltwater, soil, hot springs, and frigid oceans
The molecules of LPS are released from bacteria cells upon lysis, dividing, consistent sloughing off of endotoxin in a way practically equivalent to the body shedding little bits of hair or skin and doom of bacterial cell. Assembling of solution rich in skeletons of dead bacteria of Gram-negative cellular remains and reach mammalian blood, they able to activate mammalian immune defense mechanisms in a very small amount (nanogram / kg body weight)
Stability of Endotoxin
It is reported that endotoxin maintains the An expert review on current approaches for endotoxin detection in various biological products 145 physical nature of the cell wall for the Gramnegative bacteria which assures strength enough to resist to 3 atm of turgor pressure, rigid enough to withstand upon exposure to extreme temperatures and pH, and flexible enough to be able to expand several times their normal surface area [13] . Endotoxin is responsible for the physicochemical properties of the cell walls for Gram-negative bacteria. It has extreme heat stability and maintains its pyrogenicity after both ordinary steam, and normal dry heat sterilization. It easily penetrates filters purposed to whole bacterial removal from parenteral preparations. Only at dry heat sterilization using temperature exceeding 200 °C for more than 1 hour do they alleviate [14] .
The LPS has an amphiphilic nature that serves as a flexible structure in solutions with hydrophobic lipid structure that allow adherence with hydrophobic surfaces as charcoal, glass, and plastic. The generality singular characters of lipopolysaccharide have participated with lipid bilayers, which give the common composition for all structures of the cell membranes [14] .
LPS in hydrous unprompted double layers structures composed from hydrophobic "lipid A" ends with "fatty acid" tails are unobserved in the inner of the supra-molecular aggregate while the polysaccharide hydrophilic ends are faced to and subject to solubilization in the aqueous environment. Those increase the stability of lipopolysaccharide as a lipid double-layer tendency to liberate upon disrupted, thus aid to maintain the integrity of the structure's defense against the external climate [15, 16].
Relative Pyrogenicity of endotoxin
LPS (bacterial endotoxin) can be categorized, between others, as a substantial "pyrogen". Pyrogens are substances that, when injected intravenously cause rising in body temperature and will cause several pathophysiological effects.
The pyrogenic materials even reach blood circulation cause fever, chills, pupillary dilatation, decrease in respiration, nausea, malaise, increased arterial blood pressure and vasoconstriction of cutaneous tissues that develop extremely rapid to severe shock, often followed by death before the cause is even diagnosed [17, 18] .
LPS makes a powerful influence in the host, which formulates very harmful effects rather than any other pyrogens, as is shown in the proportional small quantity of LPS required to stimulate the response of an immune system which is in the nanogram/kg. LPS is counted as one of the important hazard indications for a host in identification for microbial contamination [19, 20]. A very small amount of LPS creates an exaggerated host response. More efforts are expended to treat the complicated immune host response against endotoxin in the body. The complicated status appears from releasing of different mediators with different clinical effects of various inflammatory and proinflammatory mediators in addition to the synergistic effect of each other. Prostaglandin (PG) is the most match endogenous pyrogenic mediator to endotoxin [5, 21, 22].
In the early 20 th century, when the pyrogen assay started no effort was spend to make quantitative detection for the minimum amount of endotoxin needed to produce rabbit's pyrogenic response. The pyrogenic dose-response curve in man is much steeper than it is in rabbits, although the minimum pyrogenic dose on a weight basis is about the same. Human is the most sensitive type of mammalians to endotoxin. A rabbit requires 10 times as much S. Typhi endotoxin as in man to produce the same degree of proportional febrile response [23]. Because of the hazard of endotoxin in humans, the effects of a higher dose of endotoxin cannot be studied. The exaggerating of human response to endotoxin with certain diseases as hepatic cirrhosis, and typhoid fever has been observed. On the other hand, also some diseases as malaria can decrease the host's toxic responsiveness to endotoxin [10, 24-26].
Methods of endotoxin detection

Limulus Amoebocyte Lysate (LAL) test
Limulus Amoebocyte Lysate existing in the blood of horseshoe crabs (Fig. 2) , the LAL test technique depends on clotting reaction aid to quantitative detection of LPS based on clotting of the lysate reagent in contact with endotoxins. labeled "lysate sensitivity (ë)" is the conc. of ET required to make the lysate to clot under optimum test conditions [27, 28] .
The cascade of protease employed in the LAL test is started by the reaction between lipopolysaccharide and zymogen Factor C. then the activated Factor C stimulates the activation of Factor B, which able to converts the pro-clotting enzyme to the clotting enzyme. At the end of the cascade reaction, coagulin gel was formed through the 2 peptide bonds in coagulated are catalytically cleaved [29] (Fig. 3) . When bacteria come in contact with crab's blood, it cannot spread through the biochemical system of the horseshoe crab due to the blood clotting strategy. The horseshoe crab's amoebocytes detect the endotoxin of Gramnegative bacteria, initiating a cascade of enzymatic reactions ending with the formation of a coagulin gel through the conversion of amoebocyte coagulogen to clottable protein.
Fungi are not away from this sensitive defense mechanism. The horseshoe crab's amoebocytes respond in a similar way to fungal infection by induction of the clotting sequence through coagulin formation as a result of β-glucans which activate the protease enzyme factor G (the factor C in case of endotoxin LAL gel clot technique is the simplest of LAL techniques where LAL reagent forms a firm gel with a specified endotoxin amount. The critical endotoxin amounts which clot the LAL reagent are known, so the formation of a clot is a function of the endotoxin sensitivity of the given LAL reagent, and testing dilution of a sample containing endotoxin. The concentration of endotoxin is calculated using sample dilution yielding no reaction (no clot formation/negative) with the less sensitive LAL reagent (higher critical Endotoxin content) unless exceeding the maximum valid dilution in several hours' process. Updated advanced techniques are used to develop the usual LAL test, resulting in faster and cheaper LPS detection techniques for quantity or quality such as the endpoint chromogenic LAL assay, kinetic LAL assay (turbidimetric and chromogenic) [34-36]. The principle of kinetic methods (turbidimetric and chromogenic), is the exact detection of alteration in color, and turbidity, respectively by light-scattering devices at endotoxin concentrations lower than those for gels. This kinetic methods can detect up to 0.001 EU/mL (Berzofsky 2007) [37, 38].
Applications of LAL test
Applications of the LAL test include (1)
Diagnosis of acute UTI and CNS meningococcal infection. In these situations, the detection of endotoxin usually indicates the presence of living bacteria, (2) Estimate spoilage in different types of food (fish, milk, ground beef), air, determination of water quality, and for experimental determination of the ability of new anti-toxic-drugs to equilibrate the toxic effects of endotoxin, (3) Detection of Gram-negative bacterial endotoxin in injectable, surgical and medical devices, renal dialysis fluids and biological products in raw materials, in-process solutions, and finished product to ensure safety of these products to human use, (4) Detection of (1-3)-β-D-glucan, which present in fungal cell walls, (5) Checking the clarity of pharmaceutical water (main ingredient and processing agent for all pharmaceutical and biological drugs and devices.) from endotoxin contamination [27, 39-41].
LAL reagent water
This water type was sterile and pyrogen-free and used in test procedure as endotoxin-free tested material as negative control and for dilution and reconstitution purposes [39, 40].
Endotoxin standard solution
Standard endotoxin was supplied in vials, each vial contains 500 ng of purified lipopolysaccharide, freeze-dried in stabilized matrix prepared from E. coli strain 055:B5.
According to manufacturer instructions, the content of each vial was reconstituted by LAL reagent water to the required concentration of the stock solution, when needed the stock solution was diluted to the required working concentration with LAL reagent water [39, 40].
LAL Reagent
This reagent (Limulus Amebocyte Lysate). It's supplied as a lyophilized powder, the reagent was supplied in different sensitivity (0.25, 0.125 and 0.06 EU/mL) [39, 40].
The validity of the LAL test by gel-clot technique
Validation of sample testing dilution
For the LAL test to be valid, the sample should be tested at dilution not more than Maximum Valid Dilution (MVD). MVD is the maximum allowable dilution of a sample at which the endotoxin limit can be determined. The MVD can be calculated by using the following formula: MVD = endotoxin limit x concentration of test solution λ Endotoxin limit can be obtained from pharmacopeia or calculated as follows: K ∕M K is a threshold pyrogenic dose of endotoxin per kilogram of body mass, this dose is equal to 5 EU/kg in case of intravenous injectable preparations and 0.2 EU/kg body mass in case of intrathecal injectable preparations.
M is the maximum recommended bolus dose of product per kilogram of body mass
Confirmation of the labeled lysate sensitivity (λ)
Labeled sensitivity λ was confirmed by using 4 replicates expressed in EU/mL of the lysate reagent before to use in the test. This confirmation was carried out for each lysate batch before being used in the test and this is carried out when the investigators use the batch of lysate for the first time.
Test for absence of product interference
The test preparation should not interfere with the test sample either by inhibiting or enhance the reaction. The test for interfering factors is repeated when any experimental conditions changes that influence the result of the test.
After determination of MVD, a serial dilution of the sample was prepared in a range not exceeding MVD, and tested for the absence of interference Four test reaction solutions (A, B, C and D) were prepared as the follows:
 solution A: (product dilution) and solution B
(positive product control) using a dilution not greater than the MVD  Solutions B and C (positive controls) contain the standard endotoxin at a concentration corresponding to twice the labeled lysate sensitivity  Solution D (negative control) consists of water for LAL.
Rabbit pyrogen test (RPT)
Pyrogen test measuring the increase of temperature in rabbits after intravenous injection of sterile tested solution [42, 43].
Validation of RPT
For every RPT validity criteria should be checked and achieved, these validity criteria include:

A temperature variation between two successive readings during the initial temperature detection should be less than 0.2 °C.
No rabbits had initial temperatures that differ from one another not exceed 1 °C.
No rabbits had an initial temperature higher than 39.8 °C or less than 38.0 °C.
Rabbits used in an RPT where the mean rise in the rabbit's temperature exceeded 1.2 °C were permanently excluded [43].
Rabbits manipulation and conditioning
The rabbits used were healthy, adult and untreated and not less than 1.5 kg body weight. They have received a complete balanced diet free from antibiotics and kept individually in uniform, quiet, appropriate housing and environment. Animal feeding was withheld night prior test and until the test was completed.
Testing conditions for preliminary and main tests
The test was carried out in a quiet disturbance-free room to avoid the risk of exciting and temperature within the room was between 3 °C of that of the rabbit's living quarters before the test. Water was withheld during the test and the animals are placed into the retaining boxes where they were retained only by the loosely fitting neckstocks and the rest of the body remain relatively free. The rabbits were put in the normal position for not less than 1 hour before the first record of temperature and remain in the boxes throughout the test. The temperature-sensing probe inserted into the rectum of the test rabbit to a depth of about 5 cm and should be kept there throughout the test period, the temperature of rabbits record 90 min. before injection within 30 min interval. Then the initial temperature was calculated and rabbits whose temperature ranging from 38.0 °C to 39.8 °C were chosen for injection. The rabbit showing an increase in body temperature of more than 0.6 °C were excluded from the main test.
Injection procedures
Hair was removed from the place of injection at the rabbit ear and skin covering the marginal vain was disinfected by 70% ethanol. Besides the disinfection, the use of ethanol causes dilution of vain and easies the injection. The samples to be injected were pre-equilibrated at room temperature and injected over a period not more than four minutes for each rabbit unless otherwise prescribed in the pharmacopeial monograph. After injection, the rabbit's ear was wrapped with cotton to prevent bleeding. The temperatures of injected rabbits are recorded at 30 min interval over a test period of 180 min.
Preliminary test
A preliminary test was performed 1-3 days before the main test for rabbits which were not used in pyrogen tests during the previous 2 weeks or newly received from the supplier or after spending 3 weeks from the last test in which the tested product does not pass pyrogen test (pyrogenic substance).
In this test, the rabbits were injected with sterile pyrogen-free 0.9% saline at a dose of 10 mL kg.
Main test
In the main test three rabbits were used for each product from those shown the following characteristics: (1) Pass the preliminary test, (2) Reused only after 3 days from the last negative, (3) Pyrogen test or 3 weeks from last positive pyrogen test.
Limitations of RPT
The rabbit pyrogen test which is a qualitative biological test used for detection of pyrogens in parenteral preparations has several limitations that may include: (1) The rabbit's sensitivity to endotoxin contaminated preparations depends upon the strain of rabbit used and other different parameters as gender, age, and habitation circumstance. But the pyrogen detection limit is restricted due to it depends on the maximum allowed volume which is not more than 10 ml/kg body weight, thus the pyrogen detection limit does not exceed 50-350 picograms (i.e., 0.5-3.5 EU) of lipopolysaccharide per Kg, (2) The RPT is a qualitative, not a quantitative test (the result interpreted as pass or fail only) so, the RPT is not convenient for the determination of pyrogen level. RPT cannot be fully standardized, (3) The febrile response and sensitivity to endotoxin in RPT is rabbit age-dependant. The fever response for the rabbits to some materials such as biologicals for human use may be different from that on humans due to species differences. That is after performing RPT the temperature of rabbits may increase and give a positive result which indicates pyrogens contamination according to the GMP requirements and mentioned monographs. However, human use of this product may not cause the same response and vice versa. So, the permanent gap between the observed, and expected fever response in rabbits comparing to humans is fundamental, (4) The rabbit pyrogen test cannot detect endotoxin in LAL reagent water (water for reconstitution) which may contain a very low EL. Radiopharmaceutical products cannot be tested by the rabbit pyrogen tests [44, 45].
Conclusion
Finally, from this review, we can conclude that the LAL test and RPT can complement and reinforce each other but in certain cases, they are not interchangeable and they together provide a comprehensive picture of any potential contamination whether by endotoxin or any other pyrogenic matters. Both methods (LAL test and RPT) used for endotoxin detection can be applied for various biological products including therapeutic proteins, vaccines, and other biological products. However, the LAL test is more accurate, fast, economical, and sensitive than RPT, however, the LAL test has limitations in some tested products, such as reaction suppression and interference between the reagent and product ingredients and with no value in the detection of non-endotoxin pyrogenic materials.
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